This paper reports facile preparation of half-sandwich trihydrido complexes of ruthenium based on the reactions of the readily available precursors [Cp(R 3 P)Ru(NCCH 3 ) 2 ][PF 6 ] with LiAlH 4 . The target complexes were characterized by spectroscopic methods and X-ray structure analysis of CpðPhPr i 2 P ÞRuH 3 .
Introduction
Half-sandwich complexes of ruthenium find multiple applications in chemistry as effective catalysts [1] and as platforms to support unusual metal-ligand and ligandligand bonding [2] [3] [4] [5] . Our interest in this field stems from the observation that the CpLRu fragment (where L is a two-electron donor) is formally isolobal with the Cp 2 M (M = Nb, Ta, Ti), Cp(RN)M (M = V, Nb, Ta) and (RN) 2 M (M = Mo, W) moieties [6] which were found to support a variety of H. . .SiX and H. . .GeCl interligand interactions [7] [8] [9] [10] . Given the fact that Group 5 trihydrides Cp 2 MH 3 (M = Nb, Ta) are readily available [11] and are very useful starting points in the chemistry of Group 5 metallocenes [12] , we expected that ruthenium trihydrides Cp(R 3 P)RuH 3 would exhibit an analogously rich chemistry. Apart from their potential synthetic utility, ruthenium trihydrides are also of interest because of their propensity to manifest quantum-mechanical exchange coupling [13] .
Previously, only one trihydride complex with unsubstituted Cp ring, Cp(Ph 3 P)RuH 3 (1a) , has been reported [14] . By contrast, a family of permethyl substituted complexes Cp * (R 3 P)RuH 3 (Cp * @C 5 Me 5 ) is well described [15] , including the X-ray structure of Cp * (Ph 3 P)RuH 3 [16] . Complex 1a is a classical trihydride [16] , whereas the isolobal tris(pyrazolyl)borate complex Tp(Ph 3 P)RuH(g 2 -H 2 ) exist in a hydride(dihydrogen) form [17] , underpinning the strong effect of the ring on the extent of Ru-H interaction. Here, we report facile general access to a series of complexes Cp(R 3 P)RuH 3 (R 3 P@Ph 3 P (a), Ph 2 Pr i P (b), PhPr i 2 P (c) and Pr i 3 P (d) ) and the crystal structure of complex Cp(Ph 2 Pr i P)RuH 3 .
Results and discussion
Davis et al. previously reported that reaction of Cp(Ph 3 P) 2 RuCl with LiAlH 4 in THF affords a 4:1 mixture of Cp(Ph 3 P)RuH 3 and Cp(Ph 3 P) 2 RuH, from which the former complex can be isolated by recrystallization from ether [14] . In our hands, however, difficult-to-separate mixtures of variable ratios of Cp(Ph 3 P)RuH 3 and Cp(Ph 3 P) 2 RuH were produced. Attempts to extend this approach to the preparation of other complexes Cp(R 3 P)RuH 3 by reacting the mixed phosphine precursors Cp(R 3 P)(Ph 3 P)RuCl [18] with LiAlH 4 lead to mixtures containing predominantly the monohydrides Cp(R 3 P)(Ph 3 P)RuH.
The related permethyl substituted complexes Cp * -(R 3 P)RuH 3 (Cp * -pentamethylcyclopentadiene) have been previously prepared by the reaction of Cp * (R 3 P)RuCl 2 with NaBH 4 in ethanol [15a] + [1a,20] . Reactions of 3 with an equivalent of phosphine R 3 P allow for easy preparation of the corresponding exchange products [Cp(R 3 P)Ru (NCCH 3 ) 2 ] [PF 6 ] (2a-d) characterized by NMR and IR spectroscopy (Scheme 1) [21] . In particular, the N"C triple bond gives rise to a band in the IR spectrum at 2276 cm À1 , whose position does not depend on the type of phosphine ligand being present. Treatment of these precursors with LiAlH 4 in THF followed by quenching the reaction mixture with degassed water affords, after work-up, the trihydrides Cp(R 3 P)RuH 3 (1a-d) in good yields.
The new trihydrides 1b-d and the previously reported complex Cp(Ph 3 P)RuH 3 (1a) were characterized by NMR and IR spectroscopy, and by X-ray structure of the compound 1b. Like in their Cp * analogues, at room temperature the hydrides in 1a-d give rise to one, averaged hydride signal in the region between À10.3 and À11.3 ppm coupled with the phosphine. The IR spectra show corresponding Ru-H bands in the region 2010-2001 cm À1 . The molecular structure of complex 1b is shown in Fig. 1 . Spectroscopic data for the related compound Cp(Ph 3 P)RuH 3 (1a) have been previously rationalized in terms of a classical C 3v structure, with the bulky phosphine occupying a position trans to the Cp ring and the three hydrides forming an equatorial plane in a pseudo-TBP structure [14] . In fact, the experimental geometry of 1b is similar to that one of the analogous complex Cp * (Ph 3 P)RuH 3 , which can be better described as a fourleg piano-stool [15a] . The CNT-Ru and Ru-P vectors, where CNT is the centroid of the Cp-ring, form an angle of 125.7°. Surprisingly enough, although less steric interaction of phosphine with the ring could have been anticipated, the Ru-CNT distance of 1.927 Å in 1b is slightly longer than the corresponding parameter in the more crowded complex Cp * (Ph 3 P)RuH 3 (1.91 Å ) [22] . By way of contrast, the Ru-P bond lengths of 2.2465(4) Å in 1b is shorter than the Ru-P distance in Cp * (Ph 3 P)RuH 3 (2.252(1) Å ), probably due to a combination of a better donating phosphine and a less bulky Cp ring. These observations can be explained in terms of interplay of bonding capabilities of a more donating phosphine and a less donating cyclopentadienyl ring in 1b in comparison with Cp * (Ph 3 P)RuH 3 . The Ru-H hydride bond lengths, although subject to the well known uncertainty of finding hydride ligands by X-ray diffraction, fall in a narrow range of 1.503-1.548 Å , which is typical for Ru-H bonds. In summary, we describe a convenient general approach to the trihydride complexes Cp(R 3 P)RuH 3 and the X-ray structure of the complex Cp(Ph 2 Pr i P)RuH 3 . We are currently exploring application of these compounds to the synthesis of silylhydride derivatives of ruthenium.
Experimental
All manipulations were carried out using conventional high-vacuum or argon-line Schlenk techniques. Solvents were dried over sodium or sodium benzophenone ketyl and either kept under argon or distilled into the reaction vessel by high vacuum gas phase transfer. NMR spectra were recorded on a Bruker ( 1 H, 300 MHz; 13 0.750 g (94%) . Characterization data agree with those reported in the literature. This complex was prepared analogously to CpðPr (CH 3 ) 2 )), 18.8 (P(CH(CH 3 ) 2 )). Elemental analysis for C 20 H 25 RuP (397.456). Anal. Calc.: C, 60.44; H, 6.34. Found: C, 61.34; H, 6 .94%.
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[Cp(Ph 3 P)RuH 3 ]
This known complex [14] was prepared analogously to CpðPr i 3 PÞRuH 3 , using LiAlH 4 (0.088 g, 2,3 mmol) and [Cp(Ph 3 P)Ru(NCCH 3 ) 2 ]BF 4 (0.550 g, 0.92 mmol). Yield: 0.246 g (62%).
Crystal structure determinations of 1b
Colourless crystals of 1b were grown from hexane by cooling the solutions to À25 to À30°C. Single crystal of 1b was coated by polyperfluoro oil and mounted directly to the Bruker Smart three-circle diffractometer with CCD area detector at 123(2) K. The crystallographic data and characteristics of structure solution and refinement are given in Table 1 . The structure factor amplitudes for all independent reflections were obtained after the Lorentz and polarization corrections. A multi-scan absorption correction was applied. The structures were solved by heavyatom methods [24] and refined by full-matrix least squares procedures, using xðjF 2 o j À jF 2 c jÞ 2 as the refined function. All hydrogen atoms were found from the difference map. In the final cycles of refinement, all the non-hydrogen atoms were refined with anisotropic temperature parameters. The hydride ligands were refined isotropically, other hydrogen atoms were refined using the riding scheme. The largest residuals in the final difference Fourier maps were small (0.788 and À0.597 e Å À3 ), location and magnitude of the residual electron density was of no chemical significance. 
